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Abstract

In order to reduce the use of energy in buildings, it is necessary to make changes in the society paradigm, not only changes in the way buildings use
energy. It seems appropriate to analyse the savings that can be obtained by simple actions related to the implementation of good practices for
passive conditioning, for which no economic investment are required. As a zero-investment action, the possibility of moving the school schedule to
the period of the day in which the exterior temperature is lower needs to use energy to maintain the comfort condition inside the building is
analyzed. Simulations of nine activities about moving school schedules and close the shutters in a teaching centre building located on the Spanish
climatic zone D3 are carried out. The percentage of savings when the teaching centre imparts classes from 14:00 to 21:00 during October to May
and from 7:00 to 14:00 during September closes the shutters in the summer period and in winter evenings is the 50%. The €6,120 of savings that
are obtained annually with this activity could be an interesting economic injection that allows to undertake future investments in the school, and
with it achieving the objectives sought with circular economy.

Keywords: indoor environmental quality (IEQ); school building; energy optimization; thermal comfort; circular economy

The concept of circular economics was already in use in the 90’s to describe a closed system of interaction between
economy and environment (Pearce & Turner, 1990). The European Union is taking the first steps to implement this
concept in the field of waste by publishing the (UE) 2018/851 Directive (Union Europea, 2018), establishing an
improvement in waste management in order to protect and preserve the quality of the environment, human health,
promoting circular economy principles and improving the use of renewable energy, among other aspects. This
directive states, quoting literally, that “a more efficient use of resources would also bring substantial net savings to
the European Union companies, public authorities and consumers while reducing total emissions annual greenhouse
gases”.

Circular economy not only seeks a sustainable production, but a responsible consumption (Garcia, 2018). It attempts
to constitute an alternative to the model of linear economy based on the “taken-manufacture-consume and
eliminate” sequence, which is based on the hypothesis of abundance, availability, ease of obtaining and cheap
disposal of resources (European Commission, 2014).

The current economic model of production and resource management, based on promoting short-term consumption,
makes the system truly unstable. For this reason, the circular economy promotes the reduction in consumption,
resources being kept as for long as possible in use and recycled at the end of their useful life (de las Heras, 2016).
Circular economy seeks to reduce the use of resources, energy and the flow of waste over the life-cycle of products (Li
et al., 2010). The role of the park built in the circular economy is crucial because of its environmental impacts. It also
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provides important opportunities for the reduction in energy use, the emission of greenhouse gases and the
production of waste (Pomponi & Moncaster, 2017). Normally the building stock is analysed in terms of energy
incorporated to the materials during the construction phase. From the point of view of circular economy, we would
also have to wonder about the energy used in buildings through their useful life, as well as investigating what happens
once the useful life of the building ends.

A classic point of view used to analyse buildings is the post-occupancy evaluation which considers the effectiveness of
occupied environments for humans as users (Zimring & Reizenstein, 1980). Even though maybe this approach, which
has evolved in the analysis of the life cycle of buildings, suffers from thought that the use of energy is produced in
buildings. Buildings don't use energy: people do (Janda, 2011). This study delves into this approach, focusing in how
the users of the building can, modifying their habits, change the energy activity of the building, progressing to circular
economy.

The technical vision, which takes for granted that improvising the energy efficiency of buildings is going to reduce
energy consumption, collides with the limitation that if societies are not motivated to conserve energy, there will be
no serious progress (Rosa et al., 1988). As Jevons’ paradox reminds us, the introduction of more energy-efficient
technologies can lead to an increase in total energy consumption (Amado & Sauer, 2012). If habits are not changed,
technical improvements can generate a sense of efficiency that leads to increase consumption.

In order to reduce the use of energy in buildings, it is necessary to make changes in the society paradigm, not only
changes in the way buildings use energy. Sometimes, improving the thermal insulation of buildings is an investment
difficult to recover (Gallegos, 2018). At other times, strategies to promote more efficient energy management are
successfully studied (Torralbo, 2018).

Nothing better than the circular economy as a new social paradigm that promotes a change in the neoliberal lifestyle
with an excessive consumption, enabling a rethinking of the human relationship with their environment (Valderrama,
2017).

Royal Decree 56/2016 (Ministerio de Industria, Energia y Turismo, 2016) concerning energy audits is written up as a
partial transposition of the European Directive 2012/27/UE (Unién Europea, 2012) on energy efficiency. It aims to
contribute to the attainment of the objective of achieving in 2020 a savings of 20% in the primary energy consumption
(European Commission, 2018a) and the targets set for 2030 (European Commission, 2018b) and 2050 (European
Commission (2018c) in the European Union.

Energy auditing can become an essential tool when it comes to approaching intervention measures in an existing
building, which will save the final energy consumption and reduce CO2 emission to the atmosphere (Lara et al., 2015).

The operational energy audit (Gallego, 2017) provides measures that not costly for the building’s agents in the
application of energy saving.

The new normative requirements determined by Europe force the member states to follow approaches aimed at
minimizing the consumption of non-renewable primary energy, as determined by the Basic Energy Saving document
(Ministerio de Fomento, 2013), hereinafter it DB HE.

The energy audit in the building means recording and analysing all the characteristics of the building's envelope,
including walls, floors, ceilings, doors, skylights, and windows (Mahdi, 2018). Between the thermal building envelope
component that give shape to the building, one of the most sensitive to energy exchange is the window gap
(Larrumbide & Bedoya, 2015) so when proposing saving measures, the thermal behaviour of the window should be
studied in detail.

When an energy audit is carried out in a building in order to limit the energy losses and gains through its building
thermal envelope, the following action measures are studied: the improvement in the window gap, the increase in the
insulation of fagades, roofs and floors and the treatment of thermal bridges.

To study the economic viability of the action measures in the thermal envelope of the building, the energy audit finds
out the investments to be made and the amortization periods of such investments. The high level of investment

needed to limit energy losses and gains in the building through the building thermal envelope and the excessive time
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it takes to recover such investment, are a major difficulty in order to carry out such measures.

As an alternative, it is proposed to seek an implication of the users of the teaching centre, so that zero-investment
action and adequate passive conditioning measures can help to obtain significant savings in the energy management
of the building.

As a zero-investment action, the possibility of moving the school schedule to the period of the day in which the
exterior temperature is lower needs to use energy to maintain the comfort condition inside the building.

As a correct measure of passive conditioning it is proposed to make a correct management of the opening and closing
of the shutters, both in the winter and summer period.

The aim is to study the interrelationship between the implementation of both measures so that, following the criteria
based on the circular economy, demand for resources is has not increased and CO2 emissions are reduced. The savings
obtained with the implementation of these measures can be destined to undertake the measures to limit the energy
losses and gains in the building through its thermal envelope that otherwise would be unfeasible. With the launching
of this circular economy process, it would be able to obtain a Benefit for the environment and for the users of the
teaching centre, generating, in addition, new jobs necessary for the implementation of the most ambitious measures.

The study of the behavioural change with respect to natural ventilation is ruled out because it is an individual action
that is performed in each classroom. The real effects that these changes produce are difficult to quantify because they
depend on a behavior that can vary between different people and in different periods of time.

First of all, the constructive information about the building and its period of occupation are collected.

After that, a model is generated in an energetic simulation program. The Unified Tool Lider Calener (Ministerio de
Industria, Energia y Turismo, 2017) is used because this is the program of energetic simulation used to justify the
fulfilment of the Spanish regulations regarding the limitation of energy demand and the limitation of energy
consumption of the buildings. With this program the data on energy losses and gains are obtained in the different
constructive elements of the building envelope for the current use of the building.

Afterwards, three possible actions are raised:

A first activity is the modification of the using schedule of the building, delaying it by two hours. Three interventions

are presented in which each one is carried out together with the previous intervention:

. 1.1. Impart classes from 9:00 h to 16:00 h.

. 1.2. Close the shutters in the summer period to protect the building from the energy gains due to the incidence
of solar radiation through the windows.

. 1.3. Close the shutters in winter evenings to reduce the energy losses by transmission through the windows.

A second activity is the modification of the schedule, doing the classes in the evening hours.

. 2.1. Impart classes from 14:00 h to 21:00 h.

. 2.2. Close the shutters in the summer period to protect the building from the energy gains due to the incidence
of solar radiation through the windows.

. 2.3. Close the shutters in winter evenings to reduce the energy losses by transmission through the windows.

A third activity is the correction of the previous schedule. The afternoon schedule is maintained during the months of

October to May and the current schedule is maintained during September.

° 3.1. Impart classes from 14:00 h to 21:00 h during October to May and from 7:00 to 14:00 during September.

. 3.2. Close the shutters in the summer period to protect the building from the energy gains due to the incidence
of solar radiation through the windows.

° 3.3. Close the shutters in winter evenings to reduce the energy losses by transmission through the windows.

The corresponding simulations of the nine activities are carried out.

In order to obtain the thermal transmittance of the window gap with the effect of the closed shutter, the increase of
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thermal resistance is calculated which implies lowering the shutters, according to the criteria of the UNE EN-ISO
10077-1 (Asociacién Espafiola de Normalizacion y Certificacion, 2010; Diaz et al., 2013). Afterwards, a new thermal
transmittance U value to the night period is applied and the decrease of transmittance percentage during the day is
obtained. This result is the one that is introduced in the calculation tool to obtain the possible reduction in the heating
demand.

Finally, we analyse the results obtained and study the possible savings that will occur during the summer and winter
periods, subsequently extracted the conclusions of the study.

To assess the economic savings that can be obtained in a year of operation of the building during summer and winter
periods, it is considered an efficiency of 80% for the boiler (Blanco & Peiia, 2006) and 200% for air conditioning
equipment (Ministerio de Industria, Energia y Turismo & IDAE, 2014). It is worked considering the gas cost 0.05 €/kWh
(Ministerio de Energia, Turismo y Agenda Digital, 2018) and the electric supply 0.16 €/kWh (EDP energia, 2019).

The ventilation and infiltration rate used in simulations is 7.2 m3/hm?. Air permeability in windows, with a pressure of
100 Pa used in simulations is 50 m3/hm?2. Both values have remained constant to analyze only the variables considered
in the paper.

On the other hand, when closing the shutters in summer, forces the use of artificial lighting instead of daylight. This
study has been carried out by taking into account only energy consumption to overcome the demand for heating and
cooling but regardless of electricity consumption. The increase in electricity consumption by turning on the lights due
to closing the shutters in summer is much smaller than the energy consumption involved in cooling the space to
combat solar radiation. Electricity consumption is not the subject of this paper.

The use of experimental data is discarded because the greater precision it could provide does not significantly
influence the results. The results that will be obtained using the same methodology in the different activities allow

comparisons between them to be made and conclusions obtained with the sufficient degree of robustness.

Case study

The case study is carried out in a teaching centre built in 1970. It has an area of 7,404.37 m2. It has not been
rehabilitated energetically. The image of the building introduced in the Unified Tool Lider Calener is detailed in Figure
1.

Figure 1. Teaching centre introduced in The Unified Tool Lider Calener. Source: Self elaboration.

The building has a water heating system with diesel boiler and radiators. It also has a refrigerant cooling system with
split air conditioning equipment.

Information
The thermal transmittance values of the building skin are specified in Table 1.
The building is located on the Spanish climatic zone D3, according to the classification establish in DB HE.

Figure 2 represents the external time-to-year temperatures of the climatic zone. Based on them the period of opening
of the teaching centre is overlapped: from 7.00 to 14.00 hours during the months of September to May. The school
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days during June have not been considerate because with the current educational law, during these days’ the exams
are taking place and the use of the building decreases quite considerably with respect the usual operation.

Table 1. Thermal transmittance of the building skin. Source: Self elaboration.

Constructive element Thermal transmittance (W/m?2:K)
Roof 0.65
Facade 0.60
Floor 2.45
Exterior structure 1.49
Glass 5.70
Framework 5.70
Completed window 5.70

Figure 2. External time-to-year temperatures in the climatic zone referenced with the overlapping of the opening period of the teaching centre. Source:
Self elaboration.

Temperature 2C

Jan. Feb. Mar. Apr. May June July Aug. Sept.  Oct. Nov. Dec.

It is appreciated how the highest temperatures are recorded from June to September, in the later hours, while the
lowest temperatures are recorded during the dawn and morning hours of November to March. School hours are
developed during the coldest temperatures of the year.

The set temperature is defined in DB HE as the temperature or range of temperatures considered in the calculations

of the energy demand that set the lower temperature limit from which the conditioning systems of the building
operated, requiring energetic contribution.

The maximum and minimum daily outdoor temperatures and the winter and summer temperatures set for the use

contemplated in this building are represented in Figure 3. It also represented the starting and ending dates of summer
period.

Figure 3. Maximum and minimum daily outdoor temperatures, winter and summer set temperatures and start and end dates of
summer period. Source: Self elaboration.
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The maximum and minimum daily indoor temperatures inside the building in free fluctuation are represented in figure
4. It also represented winter and summer set temperatures and the start and end dates of the summer period.

529



Figure 4. Maximum and minimum daily indoor temperatures of the building in free fluctuation, winter and summer set temperatures and start and
end dates of summer period. Source: Self elaboration.
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The distribution of energy losses and gains that occur in the different constructive elements of the thermal envelope
are represented in Figure 5.

Figure 5. Distribution of energy losses and gains by constructive elements of the thermal envelope for winter and summer periods. Source: Self
elaboration.
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It is observed that the highest losses and gains are take place through the windows.

During the winter time, the energy gain that is produced by solar radiation which penetrated the building through the
windows is less than the loss of energy that is produced by transmission through these windows. More energy is lost
than is gained in the building’ glazing.

In the summer period, during the working hours of the educational centre, the energy gain that is produced by solar
radiation which penetrated the building through the windows is higher than the loss of energy that is produced by
transmission through the windows. More energy is gained than lost through the building’s glazing.

Table 2 shows the result of the energy heating for demand (DH) and cooling (DC) as well as the joint energy demand
(DJ), obtained as a weighted sum of the energy demand for heating and cooling just as is indicated on the DB HE. The
weighting is carried out according to the consumption of primary energy require to fight each energy demand. The
expression which express the joint energy demand for buildings located on peninsular territory is DJ = DH + 0.70 DC. It
is expressed in kWh/m?2-year.
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Table 2. Heating demand (DC), cooling demand (DR) y combination demand (DG) in different studied actions. Source: Self elaboration.

Activity D De b
(kWh/m?-year) (kWh/m?-year) (kWh/m? year)

0. Classes from 7:00 to 14:00 36.3 2.8 38.26
1.1. Classes from 9:00 to 16:00 33.0 3.5 35.45
1.2. Close shutters on summer + 1.1. 331 1.2 33.94
1.3. Close shutters on winter nights +1.2. 27.2 1.7 28.39
2.1. Classes from 14:00 to 21:00 29.3 4.7 32.59
2.2. Close shutters on summer + 2.1. 29.3 1.9 30.63
2.3. Close shutters on winter nights +2.2. 24.1 2.6 25.92
3.1. Classes from 14:00 to 21:00 October-Ma

Classes from 7:00 to 14:00 September ! 293 33 3161
3.2. Close shutters on summer + 3.1. 29.3 14 30.28
3.3. Close shutters on winter nights +3.2. 24.1 2 25.5

The percentages of savings we have obtained in relation to the initial state with different studied actions are detailed

in Table 3.
Table 3. Percentage of savings obtained in a different studied action. Source: Self elaboration.
Activity % he.ating % co.oling % coml:')ination
savings savings savings

0. Classes from 7.00 to 14.00 0.0 0.0 0.0
1.1. Classes from 9.00 to 16.00 -10.0 20.0 -7.9
1.2 Close shutters on summer + 1.1. -9.7 -133.3 -12.7
1.3. Close shutters on winter nights +1.2. -33.5 -64.7 -34.8
2.1. Classes from 14.00 a 21.00 -23.9 40.4 -17.4
2.2. Close shutters on summer + 2.1. -23.9 -47.4 -24.9
2.3. Close shutters on winter nights +2.2. -50.6 -7.7 -47.6
3.2 Close shutters on summer + 3.1. -23.9 -100.0 -26.4
3.3. Close shutters on winter nights +3.2. -50.6 -40.0 -50.0

The economic savings we get in relation to the initial state with different studied actions are shown in Table 4.

Table 4. Economic savings obtained in different studied actions. Source: Self elaboration.

Activity Hgating Cgoling G.Iobal
savings (€) savings (€) savings (€)

0. Classes from 7:00 to 14:00 0 0 0
1.1. Classes from 9:00 to 16:00 1,527 -415 1,113
1.2 Close shutters on summer + 1.1. 1,481 948 2,429
1.3. Close shutters on winter nights +1.2. 4,211 652 4,863
2.1. Classes from 14:00 a 21:00 3,239 -1,125 2,114
2.2. Close shutters on summer + 2.1. 3,239 533 3,773
2.3. Close shutters on winter nights +2.2. 5,646 118 5,764
3.1. Classes from 14:00 to 21:00 October-Ma

Classes from 7:00 to 14:00 September ! 3,239 -296 2,943
3.2 Close shutters on summer + 3.1. 3,239 829 4,069
3.3. Close shutters on winter nights +3.2. 5,646 474 6,120
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If we analyze Table 3, we found that the activity that obtains a better behaviour is the 3.3, which consider a timetable
from 14:00 h to 21:00 h the months of October to May and from 7:00 h to 14:00 h during September, with the
shutters closed in summer and winter nights. The savings in heating is 50.6%, while the savings obtained in cooling is
40%.

Figure 6 shows graphically the results obtained in heating and cooling demands in different studied action.

Figure 6. Results obtained by heating and cooling demand in different studied action. Source: Self elaboration.
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In Figure 6 shows how activities 1.1, 2.1 and 3.1, which consist of zero cost interventions (modification of schedules),
but without a passive conditioning (closing the shutters), suppose a worsening of the results obtained in the cooling
demand between 15% and 40%. However, it should be borne in mind that the cooling demand occurs mainly during
September. This has a low influence in the overall demand because there building remains without activity during the
months of June, July and August.

Figure 6 also shows how activities 1.1, 2.1 and 3.1, which consist of zero cost interventions and in the two passive
conditioning studied interventions (closing the shutters in summer and winter evenings), made a significant
improvement in the results obtained in the heating demand between 33% and 50%.

It is noted in figure 6 how activities 2.1, 2.2 and 2.3 imply an improvement in the heating demand, but a worsening in
the cooling demand, compared to the activity 1.1, 1.2 and 1.3, respectively. The class schedule from 14:00 h to 21:00 h
improve the heating demand, but the cooling demand get worse compared to the schedule from 9:00 h to 16:00 h.

To limit this negative behaviour in the cooling demand and since it is observed that this demand is mainly produce
during September, we analyse the series of activities 3.1, 3.2 y 3.3, consisting in arranging the timetable from 14:00 h
to 21:00 h during the months of October to May and keep the current schedule from 7:00 to 14:00 during September.

Analysing the results obtained in the joint demand, which takes into account the heating and cooling demand effect
simultaneously, as shown in Figure 7, it is appreciated that we have obtained improvements in all the options
envisaged regarding the initial state.

Figure 7 also shows how if we perform only zero-investments interventions, each activity improves to the precious
measure. This is how activity 3.1 improves activity 2.1, which at the same time exceeds activity 1.1. The same happens
if we analyze the action which also envisages adequate measures of passive conduction. Activity 3.2 improves activity
2.2, which subsequently exceeds activity 1.2. Likewise, the activity 3.2 improves activity 2.2, which exceeds activity
1.2.
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Figure 7. Results obtained in the joint demand in different activity. Source: Self elaboration.
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Activity

The activity that presents a lower joint demand is the 3.3. It consists of arranging a timetable from 14:00 h to 21:00 h
during the months of October to May and from 7:00 h to 14:00 h during September lowering the shutters in summer
and winter evenings.

The €6,120 of savings that are obtained annually with activity 3.3 could be an interesting economic injection that
allows us to undertake future investments in the school centre, and, with it achieving the objectives sought with
circular economy.

This way funds can be obtained to reduce the high cost or the return period of the energy rehabilitation works, which
involve significant investments such as the modification of the window structure or the implementation of the
insulation of the thermal envelope.

The final aim of the actions analysed is to promote energy rehabilitation so as to improve the well-being of the
educational community. The objective of this process is to make students aware of the advantages of putting these
energy and environmental actions into practice. This awareness will make it possible for the debate in these issues to
move to the domestic area the debate and, why not, also to enable the development of some of this energetic action
in their respective homes.

The proposed change of Schedule to the evening period, except in September that is maintained in the morning,
together with the correct management of the shutters during summer and winter could be an attractive proposal for
the directors of the educational centre because it allows new alternative self-financing pathways to come into being.

This ensures the development of circular economic premise and a sustainable manage, a care rational and efficient
use of the planet’s natural resources, a reduction of dependence on other non-sustainable resources, such as fossil
energies and the creation of new economic opportunities. This would work out well for the long-terms
competitiveness with other school centres.

It should be taken into account that the educational sector is and area very sensitive to variations in economic
investments, especially in periods of crisis. This is why using alternative finance systems can be an interesting way to
bear in mind in the economic politics of the school centres.

According to the precepts underlying the circular economic concept it would be possible to achieve considerable

savings in reducing the energy bill and improvements in the comfort of the users of the building, which results in
better school activity (Kelly et al., 2017; Sensharmaet al., 1998) and, finally, a reduction in greenhouse gas emissions.
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